Background and Aim: A major problem faced by the broiler industry around the world is a lowered reproductive fitness of breeding hens which can cause major economic impact in terms of lowered hatchable egg production. In broiler breeders, a lot of the selection pressure has been exerted on growth, conformation and feed efficiency as a result broiler breeder hens are prone to several metabolic disorders and reproductive anomalies. Present study was conducted to assess the effect of phytoestrogen, feed restrictions (75% of their control ad libitum), and their interaction on reproductive parameters in high and low body weight broiler breeder hens.
Introduction
In broiler breeders, a lot of the selection pressure has been exerted on growth, conformation and feed efficiency making them more prone to several metabolic disorders and reproductive anomalies. Selection for growth rate in the broiler chicken is associated with poor egg laying that is a consequence of obesity and a disorganized ovarian follicular hierarchy. The number of hierarchical yellow follicles increases with selection for large body size in avian species [1, 2] . Ovary bearing large number of follicles is a serious problem for broiler breeder hens [3, 4] as the additional follicles result in multiple ovulation and poor egg production because potential egg yolks are lost internally or through the production of soft-shelled, misshapen, and double-yolked eggs that cannot be harvested or used for incubation [5] . In egg-type hens, there is little evidence of ovarian dysfunction, while in meattype hens various reproductive disorders have been described. The incidence of arrhythmic sequences was reported to be higher in meat-type hens than in eggtype hens [6] . The presence of two eggs in the oviduct at one time was reported by Jaap and Muir [6] .
In birds, estrogen is proposed to be a pivotal factor causing most of the reproductive transformation associated with pubertal events. First, estrogen influences the production of yolk precursors (building blocks of yolk production) in the liver of the bird. The liver visibly enlarges and becomes paler as its fat content increases for the production of egg yolk lipids. Second, the oviduct increases in size, so it is ready to receive ovulated follicles. Though in the hens, the ovarian follicles committed to ovulate in an ordered hierarchical manner, in standard broiler breeder hens genetically selected for high growth rate, generally the reproductive function is altered. Feed restriction is needed during reproductive development to limit the formation of excessive numbers of ovarian yellow follicles arranged in multiple hierarchies [7] . Low egg production during early lay in broiler breeders fed ad libitum is associated with multiple ovulations caused by the presence of at least two hierarchies of ovarian yellow follicles. Restricting the quantity of food during early lay period limits, the maturation of yellow follicles and in turn reduces the incidence of double ovulations as well as internal laying, these impacts lead to overall increase in the number of eggs laid [3] .
In short to tackle these foregoing problems in broiler breeder is the need of the day for the broiler industry. It is essential to understand the cause of these problems and to develop operational exogenous strategies to tackle these vexing problem encountered in particular around the age of sexual maturity. Reducing such losses could well translate into extra egg/chicks and improved profit margin for poultry farmers.
Keeping in view the foregoing background, the present study has been carried out to assess the effect of phytoestrogen, feed restrictions (75% of their control ad libitum), and their interaction on reproductive parameters in high and low body weight broiler breeder hens.
Materials and Methods

Ethical approval
Experiments were carried out in accordance with the guidelines laid down by the Institute Animal Ethics committee for the use of animal subjects or that procedures were in compliance with at least the declaration of the National Institutes of Health Guide for Care.
Phytoestrogen supplementation
Drug: Isoflav-CR (60 mg soy isoflavones/capsule, Raptakos, Brett & Co. Ltd. India). Dose level was provided at the rate of 30 ppm in all the relevant groups. In our lab, we have already tried 10 ppm, 20 ppm phytoestrogen level which has a good result on reproductive status (Data not published yet), so we tried more than that level.
Birds and experiment
The experiment started from 19 weeks to 25 weeks of age (i.e., 7 weeks) of birds. One hundred twenty-eight healthy female broiler breeder pullets were divided randomly into eight groups from the same hatch and strain. They were transferred to individual laying cages and each group having 16 birds. Birds received ad-libitum drinking water, and feeding depends on divided group i.e. ad libitum or restricted feeding (feeding shown in Flow Diagram-1. as per divided group). Restricted feeding in relevant groups provided at the level of 75% of their control ad libitum counterpart separately for heavy or low body weight till first egg laid in respective groups. Experimental diets made with practical feed ingredients as per institution recommendation (broiler breeder ration) with free access to water and feed as per experimental planning. Feed formulation and composition for breeder layer ration given in Table- 1. At the beginning of the experiment, all the birds were weighed in an automatic electronic weighing balance and were divided into low body weight (n=64 lowermost) and high body weight (n=64 uppermost). Treatment given as per groups depicted in Flow Diagram-1. At 25 week, six hens from each of the group sacrificed and were evaluated using the standard procedures for the reproductive parameters: Ovary weight (on dissecting out yellow follicles), oviduct weight, number of yellow follicles, number of yellow atretic follicles, presence of internal ovulation, and presence of abnormal hierarchy. HRC: High body weight + restricted feeding* -control; HRD: High body weight + restricted feeding* + drug isoflavone 30 ppm; HFC: High body weight + ad libitum feeding -control; HFD: High body weight + ad libitum + drug isoflavone 30 ppm; LRC: Low body weight + restricted feeding* -control; LRD: Low body weight + restricted feeding* + drug isoflavone 30 ppm; LFC: Low body weight + ad libitum feeding -control; LFD: Low body weight + ad libitum + drug isoflavone 30 ppm.
Statistical analysis
The gross reproductive parameter among the treatments was analyzed using one-way statistical analysis [8] and means compared using Duncan's multiple range test [9] .
Results and Discussions
Effect of phytoestrogens (30 ppm), feed restriction and their interaction on ovarian and follicular status (19-25 weeks)
Ovary status
The results on ovary and ovarian follicular status are available in Table- 2. Phytoestrogen induced significant (p<0.05) drop in ovary weight of heavier birds (HFD) but this difference was numerical only in LFD as compared to HFC and LFC, respectively. Phytoestrogen administration might have suppressed the level of gonadotropins hormone through negative feedback mechanism and thus in turns there could be lesser ovary weight on account of under stimulation by the gonadotropins.
Feed restriction in HRC and LRC birds significantly (p<0.05) reduced ovary weight in comparison to HFC and LFC birds. Our results are confirmed by Sun et al. [10] , who described pullets fed ad libitum had 31.55 and 13.53 g heavier ovary weight compared with the feed-restricted pullets at first egg. Feed restriction has limited the body weight of breeding birds at sexual maturity and prevents over-stimulation of the ovary.
Interaction of phytoestrogen and feed restriction in HRD birds reduced ovary weight significantly (p<0.05) in comparison with control HFC but only numerical decrease was noticed in LRD as compared to LFC birds. Phytoestrogen and feed restriction together did not provide additional drop in ovarian weight in comparison to either phytoestrogen or feed restriction.
Number of yellow follicles
The results on the number of yellow follicles are given in Table- 2. Phytoestrogen significantly (p<0.05) reduced number of yellow follicles in HFD and LFD birds in comparison to their controls HFC and LFC, respectively. In high egg producing hens, generally lesser number of yellow follicles is present in the ovary as compared to poor laying hens. Thus, it is concluded that phytoestrogen favor the restructuring the developmental pattern of growing ovarian follicles in the best interest of getting better egg production, in fact, which we received under the present study. Feed restriction has no any effect in HRC, but LRC indicated a significant (p<0.05) reduction in a number of yellow follicles as compared to control. Restricting the feed intake of broiler breeder pullets during rearing was effective in controlling the number of normal yellow follicles only after 14 weeks of age [4] . Feed restriction effective in controlling of development of excess yellow follicles [10] . Restricting the quantity of food during rearing limits the production of yellow follicles and the incidence of double ovulations, leading to an increase in the number of eggs laid [3] . Alvarez and Hocking [11] , found that reducing ovarian yellow follicle numbers by means of genetic selection could reduce the degree of feed restriction currently used in broiler breeder commercial stocks while maintaining total egg production. Reduction in yellow follicles, double ovulations, and double hierarchy leading to an increase in the number of eggs laid [3] . However, under the present study, a significant increase in egg production was not recorded in feed restricted group as compared to control. Interaction of phytoestrogen and feed restriction on high (HRD) and low (LRD) body weight birds reduced number of yellow follicles significantly (p<0.05) in comparison with control high (HFC) and low (LFC) body weight birds, respectively. The reduction in a number of yellow follicles may also help in correction of abnormal hierarchy (double hierarchy).
Number of yellow atretic follicles (%)
The results on the number of yellow atretic follicles are given in Table- 2. Number of yellow atretic follicles was observed 50% in control (HFC) and it was reduced to 16% by phytoestrogens in HFD but no any difference was observed LFD as per their control. Hocking and Whitehead [12] , suggested that more normal white follicles and lower proportions of atretic ones in lean line birds at 34 weeks than in the fat line. In the present study, a decreasing trend in fat level by phytoestrogen is also indicated. Hence, somehow, phytoestrogen in HFC group had been helpful in declining the incidence of atresia.
Feed restriction reduced number of yellow atretic follicles percentage in both high (HRC) and low (LRC) body weight birds. Thus, there exists a positive linear relationship between body weight and the proportion of yellow atretic follicles and internal ovulation. Due to intense selection pressure with growth as sole criteria increased the incidence of atretic follicles and internal ovulation and are the major causes of poor rates of lay in breeder females [13] . Interaction of phytoestrogen and feed restriction on high (HRD) body weight birds reduced number of yellow atretic follicles as compared to control (HFC) and no any difference in case of low body weight birds (LRD). The number of small atretic ovarian follicles were 0.68 more in ad libitum-fed pullets compared with restricted pullets [9] .
Oviduct weight
The results on the oviduct weight are available in Table- 2. Phytoestrogen improved numerically weight of the oviduct in both high (HFD) and low (LFD) body weight birds as compared to their respective controls. Cain et al. [14] administered the individual isoflavone (Coumestrol and Biochanin-A) to captive scales quail and found slight induction of oviduct growth. Similarly, phytoestrogens increase oviduct mass in ducks and hens [14, 15] . Feed restriction in LRC birds significantly (p<0.05) reduced oviduct weight in comparison to control (LFC). Since oviduct maturation is regulated by ovary and under the present study feed restriction suppressed ovarian development which is supported by other workers [10] as well and thus it is but natural that feed restriction can slow down development of oviduct.
In high body weight birds interaction of phytoestrogen and feed restriction (HRD), oviduct weight not significantly but numerically increased as compared to control birds. In low body weight group, the oviduct weight reduced significantly in LRD group. This shows that feed restrictions impact on lowering of the oviduct weight is neutralized by phytoestrogen, but same could not be done in birds with low body weight.
Presence of internal ovulation
The results on presence of internal ovulation ( Figure-1 ) are presented in Table- 2. Treatment of birds with phytoestrogen minimized internal laying problem which was mainly occurred in birds of heavy body weight only but no difference in LFD in comparison to control birds. Internal ovulation at sexual maturity has been proposed to result from a lack of synchrony between the maturation of the oviduct and ovary [16] . In broiler breeders and heavy turkeys, ovary develops faster than the oviduct so that there was a high incidence of internal ovulation. Genistein (phytoestrogen) has been shown to induce oviduct growth in hens [15] , proposed to synchronize ovary and oviduct growth. It has been suggested that excessive BW gain, brought on by overfeeding of pullets during the reproductive development phase of production, accelerates ovarian follicular maturation such that more ovulations occur than the oviduct can effectively process [2] . The release of several follicles from the ovary at a similar time (multiple ovulations) during the ovulatory cycle sometimes makes it difficult for the infundibulum to capture all the follicles that are ovulated which resulted in internal ovulation [3] . Feed restriction and interaction of phytoestrogen and feed restriction have no any effective role in reduction of internal laying in high (HRC and HRD) and low (LRC and LRD) body weight birds as compared to control but they have reduced double hierarchy. Earlier studies have reported about 30% incidences of internal laying in birds during early laying phase [17] . Such laying anomalies may have aggravated in modern breeds particularly in broilers due to heavy selection pressure for rapid growth [18] .
Presence of abnormal hierarchy
The results on presence of abnormal hierarchy are presented in Table- 2. Phytoestrogen supplementation suppressed the incidence of double hierarchy irrespective of body weight. Controversial positive and negative effects of phytoestrogen on reproduction have been reported; earlier studies suggest that the phytoestrogen may cause follicular abnormalities, infertility in birds (quail), and decline in egg laying [19] . However, in recent studies, Liu et al. [20] reported that daidzein stimulated germ cell proliferation in the chicken embryonic ovary, and daidzein increased laying performance, follicle development. Feed restriction reduced double hierarchy in high and low body weight birds in comparison to controls. Low egg production during early lay in broiler breeders fed ad libitum is associated with multiple ovulations caused by the presence of at least two hierarchies of ovarian yellow follicles. Restricting the quantity of food during rearing limits the production of yellow follicles and the incidence of double ovulations, leading to an increase in the number of eggs laid [3] . A positive relationship between body weight and the number of yellow follicles exists in broiler, duck, and turkey breeding females which were restricted after 14 weeks [4] . Phytoestrogen and feed restriction together did not prove superior over individual treatment.
Conclusion
It is concluded that phytoestrogens and limited feed restriction likely to improve reproductive efficiency around age of sexual maturity by overcoming the reproductive anomalies and modulating the ovarian and oviduct maturation favorably in broiler breeder hen.
